INTRODUCTION
Global energy problems of the 21st century cannot be solved without the use of nuclear energy. The resource of the main fuel of modern nuclear power production, 235 U, is no larger than that of oil and gas in regards to energy equivalency [1] [2] [3] .
The large reserve of natural uranium ( 238 U, 99.3% and 235 U, 0.7%) and thorium may provide the future of power production; however, in existing and planned reactors they practically do not "burn" due to the high fission threshold (~1-2 MeV).
Fast and thermal reactors operate on the controlla ble fission chain reaction with an average neutron energy of about 0.2 MeV or lower; this energy is deter mined by the fission neutron spectrum and the active core structure. Subcritical breeding systems initiated by accelerators (electronuclear systems or accelerator driven systems (ADSs) can, in principle, operate with a much harder neutron spectrum. Classical ADS schemes (accelerator with an energy of ~1 GeV + neu tron producing target and subcritical blanket with l ef 0
. 94-0.98 [4] ), however, are based on the application of the same "reactor" neutron spectrum.
The analysis of different directions of development of nuclear power production demonstrates the limited capabilities of conventional reactor schemes and classi cal ADS schemes in solving global energy problems [5] .
This study discusses a new electronuclear scheme based on nuclear relativistic technologies (NRTs) [6] and the results of the first experiments performed at the Joint Institute for Nuclear Research for verifying the promising character of the main principles of nuclear relativistic technologies. This scheme is aimed at the formation of a maxi mally hard neutron spectrum in the breeding system. It is expected that this spectrum would make it possi ble to efficiently burn natural (depleted) uranium and thorium for power production and simultaneously uti lize the long living components of spent nuclear fuel from nuclear power plants.
Nuclear relativistic technologies [5, 6] are based on the implementation of the following basic principles.
(1) The application of a deep subthreshold active core from natural (depleted) uranium or thorium whose size yields minimal neutron leakage. (Hereinaf ter this core is called quasi infinite).
(2) The growth of the initiating beam energy tõ 10 GeV instead of ~1 GeV in conventional ADS schemes.
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No. 6 2011 NUCLEAR RELATIVISTIC TECHNOLOGIES 607 (4) The application of spherical encapsulated heat releasing elements from uranium (thorium) and spent nuclear fuel without its preliminary radiochemical processing for the active core loading.
(5) The application of the technology of the high temperature helium heat carrier of the first circuit.
It was proposed to use quasi infinite active cores from natural uranium (thorium) in a number of papers on electronuclear breeding (see survey [2] ). Such active cores are deeply subcritical. It was demon strated already in 1958 [7] that the neutron energy spectrum determined by an external source, i.e., much harder than the fission neutron spectrum, can be obtained only in a deeply subcritical breeding system.
The application of an external source of high energy neutrons based on the chain of intranuclear cascades in the active core under the action of incident relativistic particles in the NRT scheme results in the formation of a powerful flux of hard neutrons not directly connected with fission neutrons of the system material inside the quasi infinite breeding system.
Unlike the classical reactor and ADS schemes, the neutron energy spectrum in the volume of the active core is mainly determined by a large set of competing inelastic processes such as multistep cascade reactions and threshold reactions of (n, xn) type. The high energy "tail" of the spectrum is formed due to limiting hard neutrons of the first stages of intranu clear cascades. The obtained neutron spectrum makes it possible to efficiently burn the material of the active core and minor actinides placed in such a system. The soft part of the neutron spectrum (with an energy below ~1 MeV) formed by prompt fission neu trons of the active core material and the inelastic pro cesses mentioned above causes the production of small concentrations of 239 Pu ( 233 U). It will be shown below that this should result in the substantial growth of the capabilities of nuclear relativistic technologies for energy production.
The proposed growth of the energy of incident par ticles makes it possible to reduce the required acceler ator current by one order of magnitude for the same beam power and essentially increase [8] the fraction of the beam energy spent for the generation of the hard neutron field in the volume of the active core. This is determined, in particular, by the higher role of meson production in the higher neutron multiplicity and the neutron spectrum hardness with increasing beam energy in a quasi infinite system.
The deeply subcritical character of the active core in the NRT scheme makes it possible to reduce the energy release density in the central part of the system serving as a neutron producing target by orders of magnitude, in particular, due to the application of a scanning divergent beam. The latter circumstance, together with the reduction of the beam current (see above), results in a significant simplification of the problem of the window of the beam input in the active core.
1. PHYSICAL BACKGROUND OF NUCLEAR RELATIVISTIC TECHNOLOGIES Table 1 gives the results of experiments [9] per formed with quasi infinite homogeneous targets with a mass of ~3.5 t from depleted and natural uranium irradiated by protons with an energy of up to 660 MeV at the synchrocyclotron of the Laboratory of Nuclear Problems of the Joint Institute for Nuclear Research. Because of the original idea of asymmetric beam input, these results are equivalent to the results for an axially symmetric target with a mass of ~7 t.
The data in Table 1 , according to our estimates, do not take into account 3-4 fission events taking place in the cascade region of the central part of the target with a diameter of ~10 cm. They could not be directly mea sured in the experiment. The neutron leakage from such a target, according to our estimates, was ~10-12% [9] .
In the case of the fission of the 238 U nucleus, 197 MeV is released, including the energy of prompt neutrons. Since 660 MeV protons are practically com pletely absorbed in the studied targets, when adding three fission events taking place in the central part of the target, we find that the total energy release per one proton is ~3950 MeV in depleted uranium and 4900 MeV in natural uranium. Thus, the power amplification coefficients (K pa ) for the proton beam with an energy of 660 MeV in the experiment where the limiting hard neutron spectrum was achieved are ~6.0 for depleted and ~7.4 for natural uranium.
In [10] [11] [12] (these studies were performed at the Joint Institute for Nuclear Research), the dynamics of 239 Pu and 233 U production in quasi infinite fissionable targets from natural uranium and thorium was theo retically studied. In particular, it was found that, in the thorium target irradiated by a high current 1 GeV pro ton beam, the 233 U production rate is maximum for its concentration ≤1.5%. If the concentration further increases, the production rate decreases and the equi librium between the 233 U production and decay is achieved on a level of ~6% due to (n, f) and (n, γ) reac tions. Taking into account the fact that the ratios α = 
Number of fission events
Depleted uranium 38 ± 4 1 3 . 7 ± 1.2
Natural uranium 46 ± 4 1 8 . 5 ± 1.7
